In randomized clinical trials, poor participant retention can introduce bias and reduce study power, affecting the generalizability, validity, and reliability of results [1] . Factors associated with retention can include the following: study complexity; stigma associated with the disease being studied; not wanting to disclose trial participation; cost to participate, such as transportation costs and time off from work; health of participants; educational level; and occupation [2] . The Sierra Leone Trial to Introduce a Vaccine Against Ebola (STRIVE) is a phase 2/3 unblinded, randomized trial of an investigational Ebola vaccine, rVSVΔG-ZEBOV-GP (Merck), to evaluate the safety and efficacy of the vaccine and was conducted in Sierra Leone. The study enrolled more than 8000 healthcare and frontline Ebola workers as study participants [3, 4] . Conducting a clinical trial in Sierra Leone during an Ebola outbreak posed challenges to participant follow-up. First, there was a lack of clinical trial experience and research infrastructure in Sierra Leone. Second, available resources focused on immediate outbreak response, and it was critical that those resources not be diverted for the sake of the trial. Third, STRIVE trial participants were healthcare and frontline Ebola response workers who worked long hours and provided essential clinical or response-related services at the height of the outbreak, and many were displaced due to job loss when the outbreak was waning. In this paper, we describe the methods used to reduce losses to follow-up and examine factors associated with retention and compliance with the study protocol. This trial was registered under ClinicalTrials. gov (NCT02378753) and Pan African Clinical Trials Registry (PACTR201502001037220).
METHODS

Description of Sierra Leone Trial to Introduce a Vaccine Against Ebola
Participants were enrolled at 7 STRIVE trial sites in 5 districts highly affected by Ebola virus disease (Western Area Urban [Freetown] , Western Area Rural, Bombali, Tonkolili, and 3 sites in Port Loko) from April 9 through August 15, 2015 [5] . To be eligible for the trial, participants had to be at least 18 years of age and be actively working as a healthcare provider (in a clinical or nonclinical role) or frontline Ebola worker (eg, contact tracer, ambulance crew, burial team). Participants had to assert that they were planning to reside in Sierra Leone for 6 months after enrollment and agree to be contacted monthly by telephone. Detailed contact information was collected during enrollment, including the following: participant address with important nearby landmarks; participant personal cell phone number; and name and cell phone number of an alternative contact, typically a close relative or friend who would know how to reach the participant if investigators had difficulty reaching them on their study or personal telephone.
At enrollment, participants were individually randomized to immediate (<7 days) or deferred (18-24 weeks) vaccination.
Starting at approximately 17 weeks after enrollment, participants in the deferred group were contacted to return to the trial site where they were rescreened for eligibility, and those still eligible were vaccinated. Once deferred participants were vaccinated, they were referred to as "crossover vaccinated. "
Community sensitization to build awareness and support for the trial was initiated 4 months before the trial's launch, followed by targeted information sessions conducted at local healthcare facilities, specialized Ebola facilities, and District Ebola Response Centers (Ebola coordination centers) to recruit participants. Senior staff from the Ministry of Health and Sanitation and the College of Medicine and Allied Health Sciences conducted approximately 50 stakeholder sensitization meetings with community and government leaders at the national, district, and local levels [6] . These activities forged important relationships that supported community outreach throughout the trial. Details of STRIVE trial procedures are described elsewhere [3, 5] .
The protocol was approved by the Sierra Leone Ethics and Scientific Review Committee, the US Centers for Disease Control and Prevention Institutional Review Board, the Pharmacy Board of Sierra Leone, and the US Food and Drug Administration. All participants gave written informed consent.
Participant Follow-Up
Participants were followed for 6 months postvaccination. Several strategies were used to maximize participant retention and to ensure that participants would be reachable (Table 1) . Each participant who enrolled was given a new cell phone and a SIM card that provided free access to a "closed-user-group. " This allowed free calls for the study staff to contact participants each month and for participants to call the trial hotline. This hotline was available for 24 hours a day and 7 days a week throughout the trial for procedural questions and referral for medical issues.
Monthly Calls
Each month trained study staff conducted a structured telephone interview with participants that included questions to identify new or ongoing health events, including Ebola virus disease and newly recognized pregnancy for women. Participants who reported a new or ongoing health issue were referred to the study nurse for medical care as needed. Two call attempts were made each day (morning and evening) for 3 days until the participant was contacted, with staff having discretion of continuing attempts for up to 7 days to maximize the chance of reaching participants. Home visits were conducted if the participant was not reachable by telephone after at least 6 attempts. At every call or visit, locator and contact information was verified and updated if necessary.
If the participant could not be contacted within 14 days after the targeted monthly assessment date, that month's assessment Communications Closed-user-group • Participant could make free calls to trial hotline and study staff to report changes in health and request medical triage.
• Free calls facilitated contact between participants and staff between scheduled monthly calls.
• Study staff could make free calls to participants' study cell phone in addition to personal telephone (multiple contacts).
Community engagement Discussions with community leadership Leadership at local healthcare and Ebola facilities kept informed throughout the trial
• Ongoing community engagement to identify and address rumors.
• Engagement of hospital leadership important for keeping participants engaged in study over time including returning for crossover vaccination.
Flexible appointments Study staff worked in 2 shifts, which allowed calls and home visits to participants outside of working hours as needed
• Because participants were working at time of enrollment, they had to schedule appointments taking into account their work hours.
Multiple locator information
If participant could not be reached by telephone after 6 attempts, study staff attempted to reach them through relative telephone number or a home visit
• Multiple methods to track participants including study, personal and a relative's cell phone number, home address.
Staff training and feedback
Ongoing staff training to improve communication skills, confidentiality during home visits. Progress on percentage of persons due for follow-up reached discussed at weekly staff meetings
• Staff assigned to specific areas for tracking participants at home. Teams provided feedback on success of making all telephone calls; troubleshoot problems together.
Abbreviations: STRIVE, Sierra Leone Trial to Introduce a Vaccine Against Ebola.
was recorded as not completed. Study staff attempted to contact the participant for the subsequent monthly calls using the same procedures described above. For the final assessment call, 6 months postvaccination (or postenrollment if not vaccinated), contact was attempted for up to 28 days after the target date before terminating the participant from the trial. Telephone calls and home visits were conducted by approximately 100 recent nursing and pharmacy school graduates who were based at the 3 follow-up coordination and data management centers (follow-up centers): Western Area Urban (for participants from Western Area Urban and Western Area Rural districts), Bombali (for participants from Bombali and Tonkolili districts), and Port Loko (for participants from the 3 sites in Port Loko District). After the main protocol training with all study staff, refresher training sessions were conducted at individual follow-up sites to cover protocol updates, interpersonal communication skills, and maintain confidentiality while tracking participants in their communities. Retention rates were regularly reviewed by the STRIVE Data Safety and Monitoring Board and presented at weekly staff meetings at the 3 participant follow-up centers, where staff discussed strategies for contacting hard-to-reach participants.
Duration of Follow-Up
Participants in the immediate vaccination group were vaccinated within 7 days of enrollment and called monthly for 6 months postvaccination ( Figure 1 ). Deferred vaccination group participants were observed from enrollment until they were vaccinated and then for 6 months postvaccination (Figure 1 ). Participants in both groups who were never vaccinated (eg, refused vaccination, or for the deferred group, ineligible at the time of vaccination) were observed for 6 months postenrollment.
Data Analysis
Outcome: Retention
We defined retention as completion of the final monthly assessment, and we measured it at 2 time points: postenrollment and postvaccination (Figure 1 ). For postenrollment retention, we compared results for the immediate and deferred groups, including those who were never vaccinated. For postvaccination retention, we compared vaccinated participants from the immediate group to vaccinated participants in the deferred group (ie, crossover participants). For the immediate vaccination group, the postenrollment and postvaccination time periods are the same, and the final assessment occurred 6 months after enrollment/ vaccination. For the deferred vaccination group, the final postenrollment assessment occurred 18-24 weeks after enrollment (the assessment immediately before vaccination or at 6 months if not vaccinated), and the final postvaccination assessment occurred 6 months after crossover vaccination.
Outcome: Full Compliance
We also evaluated full compliance with the study protocol for postenrollment and postvaccination activities. Participants in the immediate vaccination group who were vaccinated within 7 days of enrollment and completed all 6 monthly follow-up interviews were defined as being in full compliance postenrollment and postvaccination. Deferred participants were considered in full compliance postenrollment if they were vaccinated per protocol (approximately 18-24 weeks after enrollment) and completed every monthly assessment from enrollment to vaccination. Deferred participants who were never vaccinated but completed every monthly interview through month 6 after enrollment were also considered fully compliant postenrollment. Full compliance postvaccination in crossover participants were those who were vaccinated per protocol and completed all 6 monthly interviews after vaccination (regardless of interview completion between enrollment and vaccination).
Statistical Methods
Participants were analyzed as randomized to either immediate or deferred groups. Participants who died during follow-up (n = 25) are excluded from these analyses of retention (although they are included in the reports of the trial results [3] ).
We calculated the proportion of participants retained and in full compliance, and we identified factors associated with retention and full compliance using univariate and multivariate stepwise logistic regression models adjusted for randomization assignment (immediate vs deferred), age, sex, education, occupation, facility type, and enrollment site. Retention models also included vaccination status. The Western Area Rural site was selected as the referent group for site comparisons because it had the highest enrollment of the nonurban sites. A stepwise model selection approach was used to determine the best subset of predictors. The criterion used to enter the model was P = .10, with P = .01 as the criterion to stay in the model once additional predictors were added. Odds ratios (ORs) and 95% confidence intervals (CIs) are presented for each level of predictor compared with its reference groups.
RESULTS
Of 8626 participants included in the analysis, 4311 were randomized to immediate vaccination and 4315 to deferred vaccination. Overall, 7979 (92.5%) of 8626 randomized participants were vaccinated; 4157 (96.4%) of the immediate participants were vaccinated, 3810 (88.9%) of the deferred participants were vaccinated during the crossover period, and 12 (<1%) of the deferred participants were vaccinated immediately in error (Figure 2 ). These last 12 participants were included in all retention and full compliance analyses as vaccinated and deferred randomization arm participants. For analyses of full compliance, they were considered noncompliant because they were not vaccinated per protocol.
Most participants were male (60.6%) and the median age was 31 years (range, 18-79 years) ( Table 2 ). The majority of participants were nurses (33.3%) or frontline workers (48.2%); 44.2% completed secondary school, and 41.6% had tertiary education. Education was related to occupation, with all (100%) doctors and a very high proportion of pharmacists (87%) and nurses (76%) having tertiary education. Frontline workers came from diverse educational backgrounds: the majority (59%) completed secondary school, whereas 25% had a primary school education or less. This diversity reflects the variety of technical roles frontline workers performed during the Ebola response, including contact tracing, ambulance driving, cleaning Ebola facilities, burial duties, and social mobilizing. There were no significant differences in demographic characteristics between immediate and deferred randomized groups.
Retention and Full Compliance With Protocol
Overall, 7979 (92.5%) of the 8626 participants randomized were retained 6 months postenrollment: 95.2% of participants assigned to immediate vaccination and 89.8% of those assigned to deferred vaccination ( a There were no significant differences in demographic characteristics between the participants randomized to the immediate and deferred vaccination arms.
b Participants randomized to deferred vaccination arm who were vaccinated 18-24 weeks after enrollment.
c Participants randomized to immediate vaccination who were retained 6 months after enrollment.
d Participants who were retained 6 months after vaccination.
e Includes nurse, midwife, community health nurse, nursing aide, maternal-child health aide, nursing student, and vaccinator.
f Includes dentist, medical counselor, nutritionist, and physiotherapist.
g Includes contact tracers, ambulance crew, burial workers, cleaners, and swabber (persons taking postmortem skin/mucosal swabs for Ebola testing).
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Factors Associated With Retention
In multivariate analysis, 6-month postenrollment retention was higher among participants >27 years (adjusted OR [aOR] = 1.3, 95% CI, 1.1-1.6 for those 28-35; and aOR = 1.9, 95% CI, 1.6-2.4 for those >35) and those who were vaccinated (aOR: 3.5; 95% CI: 2.9-4.3) ( Table 3 ). Significantly lower retention was associated with (1) frontline workers (aOR = 0.6; 95% CI, 0.5-0.7) and surveillance workers (aOR = 0.6; 95% CI, 0.4-0.9) compared with nurses and (2) enrollment at the Port Loko Town site compared with the Western Area Rural site (aOR = 0.5; 95% CI, 0.4-0.7). Retention 6 months postvaccination was associated with older age (aOR = 1.5, 95% CI, 1.2-2.0 for those 28-35; and aOR = 2.2, 95% CI, 1.7-3.0 for those >35) and enrollment at sites in Bombali (aOR = 2.2; 95% CI, 1.3-3.6) and Tonkoli (aOR = 3.0; 95% CI, 1.5-6.3) Districts compared with Western Area Rural in adjusted analyses (Table 4) . Among occupational groups, pharmacists had the highest retention (100%), nurses the second highest (99%), and doctors the lowest (90%). Compared with nurses, doctors (aOR = 0.1; 95% CI, 0.02-0.5), frontline workers (aOR = 0.3; 95% CI, 0.2-0.4), community health workers (aOR = 0.3; 95% CI, 0.1-0.8), and those no longer employed at the time of crossover vaccination (aOR = 0.3; 95% CI, 0.2-0.4) had significantly lower retention.
Factors Associated With Full Protocol Compliance
Factors associated with full compliance postenrollment and postvaccination were similar. Randomization to immediate vaccination arm, age >27 years, sites in Bombali and Tonkoli Districts, and occupation as a laboratory worker were all associated with a higher likelihood of full protocol compliance during both postenrollment and postvaccination periods in multivariate analyses (Table 5 ). Bombali and Port Loko (Lunsar, Kaffu Bullom) District sites generally had higher rates of full compliance compared with Western Area Rural. Frontline and community health workers and those working at Ebola facilities a Includes nurse, midwife, community health nurse, nursing aide, maternal-child health aide, nursing student and vaccinator.
b Includes dentist, medical counselor, nutritionist, and physiotherapist.
c Includes contact tracers, ambulance crew, burial workers, cleaners, and swabbers (persons taking post mortem skin/mucosal swabs for Ebola testing).
had lower likelihood of completing all 6 assessments compared with nurses during both postenrollment and postvaccination follow-up.
DISCUSSION
The STRIVE trial achieved high participant retention through 6 months of follow-up despite the challenges of implementing a vaccine trial during an ongoing Ebola outbreak in a resource-limited setting. The trial, which enrolled and vaccinated almost 8000 participants, retained more than 92.5% of participants 6 months postenrollment and 97.4% postvaccination. Participation in every monthly interview was less complete, with 68.8% and 70.4% achieving full compliance in postenrollment and postvaccination interviews, respectively. We observed lower retention among Ebola frontline workers. These workers generally held temporary employment positions during the outbreak, and displacement as Ebola facilities closed and response activities slowed towards the end of the outbreak was a sizeable challenge to follow-up. Nonetheless, the strategies used in the STRIVE trial, including collecting extensive locating information, using closed-user-group cell phone technology and hotlines to facilitate communication, and hiring adequate staff who were familiar with the participant population and local areas resulted in overall high retention and should be considered for future trials in low-resource and other emergency settings. Evaluating and reporting retention in randomized clinical trials is important because high rates of loss to follow-up (in ranges >20%) can compromise the validity of the trial results [7] , particularly if the retention rate is different between the study arms. We observed somewhat lower retention among participants randomized to the deferred vaccination group compared with the immediate arm (89.8% vs 95.2%, respectively) in the first 6 months postenrollment. The unblinded design of the a Includes nurse, midwife, community health nurse, nursing aide, maternal-child health aide, nursing student, and vaccinator.
b Includes pharmacist, dentist, medical counselor, nutritionist, and physiotherapist.
d Current occupation information was updated for deferred crossover participants during the crossover period. Many were no longer working as the Ebola outbreak subsided, and Ebola response jobs ended. Crossover participants were offered vaccination regardless of work status. Table 5 Includes pharmacist, dentist, medical counselor, nutritionist, and physiotherapist.
d Current occupation information was updated for deferred crossover participants during the crossover period. Many were no longer working as the Ebola outbreak subsided, and Ebola response jobs ended. Crossover participants were offered vaccination regardless of work status.
STRIVE trial may have contributed to higher postenrollment retention in the immediate vaccination arm because trial staff may have prioritized contacting vaccinated participants-especially early in the study-because of concerns about possible vaccine-associated adverse events. However, we believe the modest difference in retention across trial arms is unlikely to affect the validity of our trial results [3] . Participants vaccinated immediately after enrollment and those vaccinated after a delay of 18-24 weeks had similar high rates of retention, 96.5% and 95.2%, respectively, 6 months postvaccination, suggesting that use of a delayed intervention arm is a feasible option for randomized clinical trials in emergency settings where a placebo control arm would not be feasible. The assurance that the intervention would be offered to everyone enrolled may help to explain our relatively high retention in the deferred arm postenrollment. Clinical trials in the United States have shown that participant retention tends to decline among those randomized to a placebo arm when the intervention is not offered to all at the end of the trial [8] .
Retention rates in the STRIVE trial are comparable to those observed in other Ebola vaccine clinical trials conducted during the 2014-2016 Ebola outbreak in West Africa, despite different study designs, lengths of follow-up, and participant populations. The World Health Organization "Ebola Ca Suffit" ring vaccination trial [9] in Guinea, which enrolled village residents who were contacts or contacts of contacts of a case, reported 94% participant retention, although follow-up was <3 months. In Liberia, the PREVAIL trial [10] achieved 97.7% retention of 1500 participant volunteers residing in Monrovia at 6 months and 98.3% at 12 months. These 3 West African Ebola vaccine trials all used similar approaches to follow-up: obtaining detailed contact information, providing a study cell phone or trial hotline number, conducting home visits to track defaulters, and employing dedicated staff to conduct follow-up. These results validate the effectiveness of these approaches.
The STRIVE trial invested substantial time and expertise in ongoing community engagement with the Ebola and health facilities and with political and religious leaders in the districts where the trial was implemented. In nonemergency settings, large pediatric trials in Gambia [11, 12] have similarly achieved high follow-up of >90% using such methods, including community engagement and using dedicated follow-up staff to stay in contact with participants through telephone calls and home visits if they missed a follow-up appointment. Other characteristics of the STRIVE trial, such as development of trusting relationships between study staff and participants, rigorous follow-up efforts, and provision of ongoing staff training, have been shown to improve retention in various vaccine trials in the United States and Africa [13] [14] [15] .
There were challenges to conducting follow-up in a resource-limited setting with a large cohort of participants spread over an expansive geographical area. Rural districts outside of Freetown often had poor cell phone coverage, and there were periods when cellular service was down nationwide. Furthermore, because not all parts of the country are on the national electric grid, participants frequently lacked access to electricity to charge their study cell phone. Home visits were often time-, labor-, and resource-intensive due to poor quality of roads and limited transportation options, especially in the districts. Approximately 1 day per week, trial staff had use of a study car to make field visits, but even then they often had to use motorbikes from the main road to the villages where participants lived due to lack of paved roads. Street names and house numbers were frequently missing in both rural areas and densely populated urban areas, making it difficult to physically locate participants. Because some trial staff were students or recent graduates from urban Freetown who were assigned to rural district locations, they were not always familiar with the people and location of the villages within the districts. Although we noted higher retention at the rural Tonkolili and semiurban Bombali District sites, neither road infrastructure nor differences in participant population explain why these sites were more successful than others.
The ongoing Ebola outbreak also created unique barriers to follow-up. Ebola response activities appropriately took precedence over study activities, so there were times when study procedures had to be modified or even suspended. For example, there were several times during the trial when study staff could not conduct home visits because the village was under quarantine due to an Ebola case. In one district, staff at a large hospital were quarantined for 21 days after being exposed to an Ebola case. Many of these staff members were STRIVE trial participants who consequently could not be contacted for that month's assessment if they were not reachable by phone.
Perhaps the biggest challenge to follow-up was displacement of participants. Participant characteristics we identified as associated with higher risk of becoming lost to follow-upspecifically, younger age and employment as a frontline Ebola worker-were likely strongly related to displacement. Beginning in November 2015, Ebola facilities began to close and response activities started winding down. Healthcare and frontline Ebola workers, many of whom had moved to the district centers to work on the response, returned to their homes, often in remote villages, making telephone follow-up more difficult and home visits virtually impossible. Many young nurse graduates enrolled in the STRIVE trial while awaiting their government posting, a universal first step after completing training. During follow-up, some received postings to health facilities in remote districts, far from where they had enrolled in the STRIVE trial, where cell phone service was unreliable and home visits unfeasible, posing challenges to retention. Finally, some participants reported that there was less motivation to complete the trial as Ebola receded from the public mind. 
CONCLUSIONS
The STRIVE trial maintained high retention of participants, demonstrating the feasibility of a study design with both a deferred vaccination arm and a long follow-up period. Furthermore, conducting safety assessment follow-up using telephone interviews rather than in-person visits facilitated enrollment of a large number of participants across multiple Ebola-affected districts and resulted in high retention and completion rates.
Key lessons learned include the value of the following: (1) collecting extensive locating information, including telephone numbers of close relatives and friends who would know how to reach participants; (2) flexibility to conduct home outreach for defaulter tracking; (3) use of closed-user-group cell phone technology and hotlines to facilitate communication to report illness or a change in contact information; and (4) employing an adequate number of staff who are familiar with the participant population and local areas. Future trials in outbreak settings can consider using these strategies to offer interventions to persons residing in wide geographical areas not tethered to a single clinical site.
Notes
